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JAPAN PATENT OFFICE 



PATENT LAID-OPEN GAZETTE 




Application No. Sho-52-106116 
Filed: Sep. 2, 1977 
Inventor: Hideaki GOTO 

c/o Fuchu-cho, Shinchi 3-1, Agi-gun, Hiroshima Pref. 

Applicant: Mazda Motor Corp. 

Fuchu-cho, Shinchi 3-1, Agi-gun, Hiroshima Pref. 

In the following translation, the underlined parts are added and the parts 
in brackets are deleted by Amendment on Nov. 9, 1977. 

SPECIFICATION 

1 . TITLE OF THE INVENTION 

ANTI-FREEZING SOLUTION FOR ENGINES 

2. CLAIMS 

1. An anti-freezing solution for an engine, comprising: ethylene 
glycol as a primary component; an amine and a phosphoric acid as 
anti-corrosive additives; and 0.01 to 0.5% by weight of a nitrate. 

2. An anti-freezing solution for an engine in accordance with 
claim 1, wherein the nitrate is sodium nitrate. 

3. An anti-freezing solution for an engine, comprising: ethylene 
glycol as a primary component; an amine and a phosphoric acid as 
anti-corrosive additives; 0.01 to 0.5% by weight of a nitrate; and 0.01 to 
0.5% by weight of a nitrite. 

4. An anti-freezing solution for an engine in accordance with 
claim 3, wherein both the nitrate and the nitrite are sodium salts. 
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3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to an anti-freezing solution used 
for cooling water in an engine. 

Anti-freezing solutions mainly composed of ethylene glycol are 
used to prevent cooling water in the engine from being frozen in cold 
time. Atypical example of known anti-freezing solutions includes 
ethylene [engine] glycol as a primary component, 0.90 to 1.0% by 
weight of orthophosphoric acid, and 0.2 to 0.3% by weight of 
mercaptobenzothiazole, is adjusted with triethanolamine to have pH of 
6.9 to 7.3, and has a specific gravity of 1.124 to 1.188 and a freezing 
temperature of not higher than -12.0°C at a concentration of 25% by 
volume (British Standard BS3150). This anti-freezing solution has 
sufficient anti-corrosion properties against copper, solder, and brass, 
which are used for the material of pipes, but does not exert sufficient 
anti-corrosion properties against cast iron and aluminum alloy, which 
are used for the main material of engines. In order to assure the 
sufficient anti-corrosion properties, the load of the amine and the 
phosphoric acid as the anti-corrosive additives should be not less than 
5% by weight. Such an increase in load of the anti-corrosive additives, 
however, augments wear of mechanical seals, for example, in a pump 
for a cooling liquid, and may cause troubles like leakage of the liquid. 

The cast iron and aluminum alloy, which are used for the main 
material of engines, have different corrosion behaviors against the 
anti-freezing solution. The anti-freezing solutions according to British 
Standard BS3150 having an increased quantity of the additives is used 
for the engines mainly composed of the aluminum alloy. The 
anti-freezing solution having an additive of an inorganic compound like 
sodium borate is used for the engines mainly composed of the cast iron. 
Namely the two different types of anti-freezing solutions are selectively 
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used according to the material. 

The inventor of the present invention and others have studied to 
improve the known anti-freezing solution, have found that addition of a 
little quantity of a nitrate or a combination of a nitrate and a nitrite to the 
known anti-freezing solution enhances the anti-corrosion property 
without increasing the content of the anti-corrosive additives and reduce 
the wear of the mechanical seals, and have completed this invention 
based on such findings. 

This application includes two inventions. The first invention is 
an anti-freezing solution for an engine, which includes: ethylene glycol 
as a primary component; an amine and a phosphoric acid as 
anti-corrosive additives; and 0.01 to 0.5% by weight of a nitrate. The 
second invention is an anti-freezing solution for an engine obtained by 
further adding 0.01 to 0.5% by weight of a nitrite to the anti-freezing 
solution of the first invention. 

The anti-corrosive additives added to the anti-freezing solution of 
the invention are an amine and a phosphoric acid or a phosphate 
selected among conventionally known amines, phosphoric acids, and 
phosphates. Typical examples of the amines include 
monoethanolamine, diethanolamine, triethanolamine, methylamine, 
trimethylamine, diethylamine, diisopropylamine, N-butylamine, 
1 ,6-hexanediamine, cyclohexylamine, and dicyclohexylamine. Typical 
examples of the phosphoric acids and phosphates include 
orthophosphoric acid, metaphosphoric acid, phosphorous acid, and their 
sodium and potassium salts. The preferable content of the amine is in 
a range of 2.0 to 2.6% by weight relative to the total amount of the 
anti-freezing solution, and the preferable content of the phosphate is in 
a range of 1 .0 to 1 .5% by weight. 

The nitrate and the nitrite used in the present invention are 
preferably sodium salts or otherwise potassium salts or calcium salts. 
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The preferable content of the nitrate and the nitrite is in a range of 0.01 
to 0.5% by weight relative to the total amount of the anti-freezing 
solution. The content of less than 0.01% by weight does not ensure 
the sufficient anti-corrosion property, whereas the content of greater 
than 0.5% by weight does not cause any further improvement in 
anti-corrosive effect and is thus meaningless. 

The nitrate and the nitrite cause the less wear of the water pump 
and the mechanical seals than sodium silicate, sodium phosphate, and 
sodium borate. The nitrates have favorable anti-corrosion property 
against the aluminum alloy but adversely affect the iron material. The 
nitrites, on the other hand, have favorable anti-corrosion property 
against the iron material but adversely affect the aluminum alloy. For 
the cooling system mainly composed of the aluminum alloy, the 
anti-freezing solution including only the nitrate additive thus sufficiently 
attains the object of the present invention. Addition of both the nitrate 
and the nitrite ensures anti-corrosion properties against both the cast 
iron and the aluminum alloy. The ratio of the nitrate to the nitrite is 
adequately determined according to the material of interest, but is 
favorably in a range of 30 through 70 to 70 through 30. 

The anti-freezing solution of this invention has the improved 
anti-corrosion properties against aluminum alloy and iron and the 
enhanced wear resistance of mechanical seals. Unlike the prior art 
technique, the technique of the present invention does not require the 
selective use of the two different types of anti-freezing solutions for the 
aluminum alloy and for the cast iron. 

Some examples according to the present invention are described 

below. 
Examples 

Anti-freezing solutions having the following compositions were 
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prepared and subjected to diverse performance tests. The results of 
the performance tests are shown in Table. 



Compositions 
(weight%) 


1st Invention 


2nd Invention 


Comparative Example 


ex.1 


ex.1 


ex.2 


ex.3 


ex.1 


ex.2 


ex.3 


Ethylene glycol 


92.5 


92.5 


92.5 


92.5 


92.5 


92.5 


92.5 


Phosphoric acid 


0.9 


0.9 


0.9 


0.9 


0.9 




1.8 


Triethanolamine 


2.3 


2.3 


2.3 


2.3 


2.3 




4.6 | 


Sodium 
mercaptobenzothiazole 


0.3 


0.3 


0.3 


0.3 


0.3 




0.3 


Sodium nitrate 


0.1 


0.2 


0.3 


0.2 








v Sodium nitrite 




0.1 


0.1 


0.2 








Sodium borate 












2.5 




Water 


3.9 


3.7 


3.6 


3.6 


4.0 


5.0 


2.8 



Comparative Example 1 is a conventional anti-freezing solution 
for aluminum alloy, and Comparative Example 2 is a conventional 
anti-freezing solution for cast iron. Comparative Example 3 is an 
anti-freezing solution obtained by increasing the content of phosphoric 
acid and triethanolamine in the composition of Comparative Example 1 
to be greater than 5% by weight. 



Table 



S54-39389 



Anti-freezing agent 


1st Invention 


2nd Invention 


Comparative Example 


Properties 




.4 

ex.1 


ex.1 


ex.2 


ex.3 


ex.1 


ex.2 


ex.3 


Freezing 


50% 


-37.2 


-37.5 


-36.8 


-36.9 


-36.9 


-37.8 


-35.8 




temp. 


30% 


-16.0 


-15.5 


-15.0 


-15.7 


-15.3 


-13.7 


-14.7 


PH 


8.1 


8.4 


8.0 


8.1 


8.1 


9.2 


8.8 


Specific gravity 


1.119 


1.114 


1.123 


1.133 


1.123 


1.123 


1.132 


Boiling temp. 


164 


161 


163 


161 


160 


160 


160 


Distilled quantity 


11.5 


10.5 


12.4 


11.9 


7.0 


17.8 


14.5 




Aluminum alloy 


-0.08 


-0.07 


-0.02 


-0.14 


-1.34 


-4.10 


-0.09 


CO 
CD 


Cast iron 


-0.23 


-0.11 


-0.31 


-0.24 


-0.12 


-12.34 


-0.57 


osion t 


Steel 


-0.19 


-0.13 


-0.14 


-0.13 


-0.07 


-2.24 


-0.11 


Brass 


-0.15 


-0.05 


-0.07 


-0.05 


0 


-0.42 


-0.06 


i— 
i— 

o 


Solder 


-0.14 


-0.05 


-0.11 


-0.01 


-0.03 


-0.58 


-0.08 


o 
T5 


Copper 


-0.05 


-0.04 


-0.06 


-0.08 


-0.03 


-0.25 


-0.08 


oS 


Appearance 


Good 


Good 


Good 


Good 


Aluminum 
pitching 


*1 


Good 




Precipitation% 


0.05 


0 


0.05 


0.08 


0 


Large quantity 


0 


"55 

0) 


Aluminum alloy 


-0.16 


-0.14 


-0.02 


-0.12 


-2.84 


-6.96 


-0.49 


o 


Cast iron 


-0.21 


+0.10 


-0.21 


-0.62 


-2.14 


-2.48 


-0.40 


o 
c 
co 


Steel 


-0.15 


-0.14 


-0.26 


-0.28 


-0.56 


-14.05 


-0.10 


1— 

-a 


Brass 


-0.11 


-0.07 


-0.07 


-0.13 


-0.17 


-0.60 


-0.28 


c 
a) 


Solder 


-0.04 


-0.11 


+0.03 


-0.17 


-0.42 


-2.46 


-0.18 


c 
o 


Copper 


-0.04 


-0.12 


-0.07 


-0.01 


-0.31 


-1.19 


-0.15 


*co 

2 


Appearance 


Good 


Good 


Good 


*2 


*1 


5.0 


Good 


k_ 
o 
o 


Precipitation% 


0.05 


0 


0.30 


0.26 


Good quantity 


Large quantity 


0 


*3 


Carbon 


24 


20 


21 


23 


24 


130 


110 


Floating sheet 


22 


21 


20 


20 


22 


24 


94 


High-temperature 
aluminum corrosion 


-0.8 


-0.2 


-0.3 


-0.7 


+1.0 


-22.7 


+2.4 



*1 :Corrosion on the whole faces of aluminum and iron 
*2: Local rust on cast iron 
*3:Wear of mechanical seal [sheet] 



The measurement of the freezing temperature (°C), pH, the 
specific gravity, and the distilled quantity (% by weight) and the metal 
corrosion test (variation in weight mg/cm 3 at 88°C for 336 hours) were 
carried out in conformity with JIS-K-2234 (1975). 
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The corrosion endurance test was performed by extending the 
time of the metal corrosion test to 1000 hours. 

The wear of the mechanical seal was measured in the following 
manner. Each metal test piece was set in a 6 head mechanical seal 
testing machine (manufactured by NOK Corporation), and a stainless 
steel floating sheet in contact with a carbon seal in each anti-freezing 
test solution diluted to 55% by volume at 80°C was rotated at a 
revolution speed of 6,000 rpm for 300 hours. The maximum wear 
depth of the metal test piece was measured with a surface roughness 
meter (unit: micron). 

The high-temperature aluminum corrosion test was carried out 
with an apparatus (manufactured by the applicant) that measures the 
quantity of corrosion of each aluminum alloy test piece, while keeping 
the surface of the test piece at a high temperature (kept the temperature 
in a depth of 2 mm from the surface at 110°C), making the test piece 
exposed to a cooling liquid sample, and continuously fluidizing the 
cooling liquid sample. The cooling liquid sample used for the test was 
each anti-freezing solution distilled with tap water to 20% by volume. 
Each measurement value in Table shows the observed decrease in 
weight (mg/cm 3 ) of the test piece after 10-hour continuous operation. 
The measurement value of not less than 20 mg/cm 3 represents the poor 
high-temperature aluminum corrosion. 
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